OBJECTIVE: To examine the relationship between secular trends in energy supply and body mass index (BMI) among several countries. DESIGN: Aggregate level analyses of annually reported country food data against anthropometric data collected in independent cross-sectional samples from 34 populations in 21 countries from the early 1980s to the mid-1990s. SUBJECTS: Population randomly selected participants aged 35-64 y. MEASUREMENTS: BMI data were obtained from the WHO MONICA Project. Food energy supply data were derived from the Food Balance Sheet of the Food and Agriculture Organization of the United Nations. RESULTS: Mean BMI as well as the prevalence of overweight (BMI Z25 kg/m 2 ) increased in virtually all Western European countries, Australia, the USA, and China. Decreasing trends in BMI were seen in Central and Eastern European countries. Increasing trends in total energy supply per capita were found in most high-income countries and China while decreasing trends existed in Eastern European countries. Between country differences in temporal trends of total energy supply per capita explained 41% of the variation of trends in mean BMI; the effect was similar upon the prevalence of overweight and obesity. Trends in percent of energy supply from total fat per capita had a slight effect on the trends in mean BMI ( þ 7% increment in R 2 ) when the total energy supply per capita was adjusted for, while energy supply from total sweeteners per capita had no additional effect. CONCLUSION: Increasing energy supply is closely associated with the increase of overweight and obesity in western countries. This emphasizes the importance of dietary issues when coping with the obesity epidemic.
Introduction
During the last decades obesity has become a major public health problem. The prevalence of obesity has increased in the USA, 1 Europe, 2 and many low-income countries. 3 In the USA, the rise in obesity has been especially rapid in the 1980s and the 1990s, 4 and obesity has increased also among children and adolescents 5 suggesting that the increase in obesity in adults is likely to accelerate in the near future.
Obesity is associated with many diseases, such as cardiovascular disease, 6 type II diabetes, 7 functional disability, 8 musculo-skeletal disorders, 9 and it is also associated with socioeconomic deprivation within a population. 10 As a result, both the direct and indirect costs due to obesity for a society are huge. 11 For the control of the epidemic of obesity one of the major questions is: which are the factors causing the upward trends in obesity? Increasing trends in sedentary lifestyle 12, 13 and possibly also in smoking cessation [14] [15] [16] have contributed to the epidemic. The studies about the effects of variation in energy intake on trends in obesity have, however, remained inconclusive. Some findings have stipulated that in the USA energy intake per capita has decreased simultaneously with the increase in obesity. 17, 18 However, most studies thus far were limited by cross-sectional design and self-reported energy intake estimates, which are prone to several biases that may confound the results. 19 Other studies based on aggregate level data 20 as well as population surveys 21 have suggested that the real energy supply has actually increased in the USA. The role of dietary fat 22 and sugar 23 intake in increasing obesity trends have also been considered suggestive but nonconclusive.
In this study, we present 10-year trends in mean body mass index (BMI, kg/m 2 ) and in prevalence of overweight and obesity. In addition, we assess the ecological relation between secular trends in mean BMI and macronutrient energy supply among several countries. The main research question is: how much of the between-country variation in temporal trends in mean BMI is explained by differences in trends in the per capita daily total energy supply. In addition, we explore whether the trends in the energy supply from all sweeteners and total fat had an effect on the trends in mean BMI over and above the changes in total energy supply.
Methods
The anthropometric data were derived from the WHO MONICA (Multinational MONItoring of trends and determinants in CArdiovascular disease) Project 24 designed to monitor temporal changes in classic risk factors of cardiovascular diseases in the general population aged 35-64 y. The study was carried out in 21 countries from the early 1980s to the mid-1990s in independent cross-sectional samples in two or three surveys during the study period. A uniform study protocol was applied, but there were slight variations in the survey years between the populations (Table 1) . Data were collected by the MONICA centres according to the principles of the Declaration of Helsinki and following their local ethical requirements at the time of the data collection. All survey participants gave their consent for the use of their data in the WHO MONICA Project. Four MONICA populations were excluded from this paper: One due to inadequate quality of anthropometric measurements 25 and three due to low response rates. 26 A total of 34 populations were finally used for the analysis. Response rates in the populations included in this study varied from 49 to 90% (Table 1) . Height and weight were measured in light clothing and without shoes. Height was measured in a standing position, and the measurements were rounded to the nearest centimeter. Weight was measured using a beam balance scale and rounded to the nearest 200 grams. 27 Four centers used another type of scales: Belfast, Glasgow and Toulouse used a digital scale and Gothenburg used a balance scale in the first survey and a digital scale in the other two surveys. 25 BMI was used as an indicator of relative weight and obesity. Conventional cutpoints were used to classify people as overweight (BMI Z25 kg/m 2 ) or obese (BMI Z30 kg/m 2 ). 28 Smoking status was assessed by MONICA survey protocol questionnaires. 27 Annual data on per capita total energy supply, and energy supply from all sweeteners and total fat for each country were obtained from the Food Balance Sheets of the Food and Agriculture Organization of the United Nations (FAO).
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These are periodic statistics giving the total quantity of foodstuffs produced in a country added to the total quantity imported and adjusted to any change in stocks that may have occurred during the year giving the available annual supply. A distinction is made between the quantities exported, quantities consumed not for human nutrition, and food supplies available for human consumption. The per capita supply of each food item available for human consumption is then obtained by dividing the corresponding quantity by the related data on the population. Given the boundary changes that occurred in Eastern Europe during the study period, some assumptions had to be made for the following countries: For Russia, data from the whole ex-USSR were used for the years 1984-1991 and for the Russian Federation for the years 1992-1995. For Lithuania, data for the whole ex-USSR was used for the years 1983-1991 and for Lithuania itself for the years 1992-1993. For Yugoslavia, data were for the ex-Yugoslavia for 1984-1991 and for the Republic of Yugoslavia for the years 1992-1995.
Average annual trends in BMI and obesity were derived for each 10-year age group of each population from a simple linear regression of the individual observations on the date of examinations using sex as covariate. All results were adjusted for age by direct age standardization using the world population as the standard population in 10-year age categories. 30 Annual trends in countrywide energy supply and energy from total fat and all sweeteners expressed both as absolute kilocalories per capita and day (kcal/cap/day) and as percentage of total energy were obtained by linear regression on calendar year for each country with a MONICA population described in Table 1 . Regression coefficients were multiplied by 10 or by their specific MONICA population period of observation to estimate 10 year or whole period trends. A linear regression model at the aggregate level was then used to study the association of trends in total energy supply per capita with trends in the obesity indexes. 31 As the nutrition data were not age and sex specific, the results were reported for both sexes together. The age and sex adjusted annual trends in mean BMI and in the prevalence of overweight and obesity in each MONICA population were used as dependent variables, using the annual changes in the daily per capita total energy supply and the energy from all sweeteners and total fat in each country expressed in absolute kcal/capita/day as explanatory variables. We also tested whether the trends in proportion of ex-smokers had an additional effect on the association between trends in total energy supply per capita and obesity. The error term of the regression model was defined as the sum of the error due to the known standard error (s.e.) of the estimates of trends of the obesity indexes and the error representing the variation not explained by the model. When the percentages of variation explained by the trends in total energy supply per capita and smoking were computed, the variation attributable to the known s.e. of the estimates of trends in
Trends in obesity and energy supply K Silventoinen et al mean BMI and in prevalence of overweight and obesity was omitted. 32 Pearson and Spearman coefficients were used to calculate linear correlations between 10-year trends. The analyses were carried out using the SAS statistical package 33 at the MONICA Data Centre, National Public Health Institute in Helsinki, Finland in collaboration with the Institutes in Barcelona, Spain.
Results Table 2 gives the baseline situation and 10-year trends in total energy supply per capita and in the proportion of energy from total fat and all sweeteners in each country with the MONICA populations. Total energy supply per capita at the baseline was lowest in China where also the proportion of energy from all sweeteners and total fat was low compared with the other countries. There was some variation in total energy supply per capita among the other countries, but no clear geographic pattern was seen. The proportion of energy from all sweeteners was the lowest in the Mediterranean countries, Spain, Italy, and France, and the proportion of energy from total fat was somewhat lower in Eastern than Western European countries Figure 1 shows the estimated linear changes in total energy supply per capita and energy supply per capita from all sweeteners, total fat, and all other macronutrients, expressed in absolute kcal/cap/day during the entire specific periods of each MONICA population for each country. In most Western European countries, the USA, Australia, New Zealand, and China energy supply increased. The increase was largest in the USA where the estimated rise in daily energy supply during 12 y was 376 kcal per capita on average. A decrease in energy supply was found in Central and Eastern European countries and it was steepest in Yugoslavia and Russia. The detailed study of the time series showed that these decreases took place soon after the beginning of the 1990s (data not shown). A slight decrease in total energy supply was also found in some Western European countries. As expected, changes in energy from all sweeteners and total fat showed a Trends in obesity and energy supply K Silventoinen et al high correlation with the change in total energy supply (Spearman r for all sweeteners ¼ 0.61, Po0.0001 and total fat ¼ 0.68, Po0.0001) and a very similar geographical pattern. Table 3 presents the 10-year trends in mean BMI and in the prevalence of overweight and obesity. Mean BMI increased in most populations; the largest changes were found in Australia (Newcastle) and the USA (Stanford) where it was 1.5 kg/m 2 over 10 y. Decreasing trends in BMI were found in Russia and Central European populations. In Western European countries, a decrease in BMI was found only in Switzerland (Ticino) and in Italy (Friuli). The largest increases in the prevalence of overweight were observed in Australia (Newcastle) and the USA (Stanford) and the largest decreases were found in Russia (Moscow) and Yugoslavia (Novi Sad). Figure 2 shows the ecological linear correlation between 10-year trends of total and the two specific macronutrients energy supply per capita and the three indexes of obesity. Trends in total energy and energy from total fat and all sweeteners per capita were strongly correlated with trends in the three obesity measures. However, when we studied the associations between mean BMI and the portion of total energy instead of absolute energy, we did not find statistically significant associations (Spearman r for all sweeteners ¼ 0.19, Po0.27 and total fat ¼ 0.23, Po0.19). Table 4 presents the results of the ecological multiple regression analysis. Secular trends in total energy supply per capita explained 41% of the between population differences in trends of BMI; A differential annual change of 10 kcal/cap/ day in energy supply produced an across populations difference of 0.15 kg/m 2 in the 10-year trends of mean BMI (95% CI 0.08-0.22). This would correspond to a 1.8% increase in the prevalence of overweight and a 0.9% increase in the prevalence of obesity during a 10-year period. Prevalence of ex-smokers explained also a part of this Trends in obesity and energy supply K Silventoinen et al association, and together with energy supply it explained 51% of the differences in change of mean BMI and 69% of the differences in change of prevalence of overweight. We continued the analyses by studying the additional effect of the trends of calories supplied from all sweeteners and total fat per capita on trends in mean BMI and the prevalence of obesity when the total energy supply per capita was adjusted for. Trends in all sweeteners had no independent effect on the trends of any of the three parameters, while trends in energy from total fat per capita had a slight independent effect on the trends in mean BMI (0.21 kg/m 2 for 100 kcal/ capita/day, 95% CI 0.00-0.43) increasing the explained variance in BMI trends by 7% over and above the change in the total energy supply per capita.
Discussion
Our results suggest that increased energy supply per capita is an important determinant of the current increasing trends of the population mean of BMI and of the prevalence of overweight and obesity. The energy supply data, based on the FAO Food Balance Sheets, show that the energy supply per capita has increased in most Western European countries, the USA, Australia, New Zealand, and China. This is in contrast to some previous speculations that energy intake may have even decreased in the USA. 17, 18 It is possible that a recall bias influenced these earlier results as they were based on individual reporting of previous history. This recall bias may also have increased over time since food portion sizes have increased in the USA during the last two decades. 34 The energy data derived from the FAO Food Balance Sheets combined to the anthropometrical data collected by health surveys used in our analysis also have obvious and wellknown limitations. Since the FAO nutritional data cannot take account the waste of foodstuff, the energy supply per capita is overestimated. However, in this study we have studied primarily trends rather than the absolute supply of energy per capita. Waste of foodstuff may have increased in the 1980s and the 1990s when living standard has increased in most of the countries, and thus the change in the real energy supply per capita might have been slightly overestimated. It is further possible that in Eastern Europe, which suffered economic difficulties during the study period, waste of foodstuff decreased. This bias may have thus overestimated differences in energy supply per capita between the countries. However, it is probable that waste of foodstuff in Eastern Europe during transportation and conservation is higher than in Western Europe. Also, we cannot exclude the possibility that change in living standard has simultaneously resulted in decreased physical activity, which could modify the association between the energy supply and BMI. Nevertheless, the FAO data were shown to correlate well with energy and macronutrient intake estimated from population surveys. 35 The response rates do not follow a clear geographic pattern, and although in some countries they decreased to suboptimal levels, in most populations they remained reasonable stable and thus they are unlikely to bias the estimates of obesity trends. It is also worth noting that while the FAO data refer to whole countries and entire age spectrum, the BMI data in this study are based on geographically limited populations aged 35-64 y. Although it is probable that within-countries regional and age heterogeneity in diet and energy supply exists, it is likely that it is by far smaller than the between-country heterogeneity. Our nutritional and anthropometric data are thus not strictly comparable, but this is the best possible way to examine the relationship at the ecological level with the existing information for that period. Only linear trends were considered in the analysis. For obesity, any estimates of nonlinearity would be imprecise, and the uncertainties described above on the data on food-supply outweigh the importance of considering possible nonlinearity in the trends in food-supply. To summarize, our data have several limitations but they are unlikely to strengthen the associa- Trends in obesity and energy supply K Silventoinen et al tions studied and thus the effect of nutrition on BMI in this study is rather under-than overestimated. Decreasing trends in energy supply were found in Central and Eastern European countries. This decline took place rapidly at the beginning of the 1990s and is probably associated with the dramatic economic and political changes in these countries. These might have influenced the reporting of the data to FAO, in addition to probable changes in food supply. It is also possible that these trends are biased due to an increase in private food production. In addition, Adjusted for total calories. The column for explained variation gives the increment after trends in total calories were already included in the model.
Trends in obesity and energy supply K Silventoinen et al we had to make certain assumptions for Russia, Lithuania, and Yugoslavia due to the boundary changes during the study period. Nonetheless, the results are in accordance with previous studies showing that poor nutrition and material deprivation are common in Eastern European countries, especially in Russia, 36, 37 and strongly suggest that the weight loss in those countries was unintentional and associated with widespread material deprivation. However, it is noteworthy that mean BMI in Eastern European countries was much higher than in Western Europe during the initial survey and still remained higher at the final survey in spite of the diverging temporal trends. Increase in total energy supply per capita was common in many countries but for similar levels of change in total calories, the sources of change varied. For example, in Spain increase in energy intake was mainly due to increase of total fat and all sweeteners, while in Finland it was mainly through an increase in all other macronutrients as well as sweeteners. In China and Australia energy supply increased almost exclusively due to total fat. A complex global mosaic in disease trends beyond obesity could well emerge out of this diverse pattern of energy supply. The literature suggests that sucrose ingestion contributes to increase energy intake because its ingestion in small quantities fails to reduce food intake in human adults. 38 The role of fat as a major determinant of mass obesity is not exempt from controversy either, 39 but is better established. 40 Whatever the source of energy, it is important to note that even small but persistent increases in energy supply will in the medium term lead unavoidably to an increase in body weight, unless the level of physical activity concomitantly increases to compensate the excess caloric intake. For instance, for an individual, a 100 kcal daily increase in energy intake (a chocolate bar or two cookies) will result in an increase of 36 500 kcal per year which corresponds approximately to 5 kg body fat, ignoring the associated change in basal metabolic rate. In the present study, strong ecological correlations were found between secular trends in total energy per capita and energy from total fat and all sweeteners per capita and changes in the mean BMI and in prevalence of overweight and obesity across populations. Changes in energy from sweeteners per capita added little to explain the changes in obesity once total energy per capita had been accounted for, while changes in the energy from total fat per capita had a slight effect on the trends in BMI. This is in accordance with findings from other studies at the individual level showing divergent results in the relationship of sugar intake with body weight, due to the reciprocity between the percentage of energy from sugar and fat. 23 This problem is minimized when absolute rather than relative amount of calories are used for analysis like in this study. Trends in BMI and overweight were better explained when changes in total energy supply per capita and changes in the prevalence of exsmokers were considered together. Smoking has thermogenic effects and also reduces appetite and its effects on body weight are well documented. 14, 16 Nevertheless, it has been shown that smoking at present is associated with a cluster of other unhealthy lifestyles and smokers may no longer be less obese than nonsmokers. 16 Our results suggest that avoidance of high-energy nutrients such as fat, starch, and sugar in habitual diets would be important means to control body weight. However, it is important to emphasize that a shift to lower the total energy intake is the essential measure in order to control the obesity pandemic. The changes in the ratios of macronutrient intake needed to achieve this public health goal should be country or region specific depending on their patterns of food supply and consumption. This obliges to characterize much better than is available until now dietary habits and the nutritional status of populations.
In conclusion, this large study in a variety of populations confirmed that secular changes in energy supply per capita are strongly associated with the trends in mean BMI and the prevalence of overweight and obesity. In the prevention of overweight, it is important to target dietary issues not only among the individuals but more so at the population level.
